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Introduction
The waist-hip circumference ratio (WHR) known to distinguish between the amount of fat in the lower (hip and buttocks) and upper trunk (waist and abdomen areas) is an important measure of central or truncal obesity. Accumulation of adipose tissue, particularly in the abdominal region, is fundamental to triggering off the metabolic syndrome. [1] Epidemiological evidence reveals that there exists a relationship between small for gestational age (SGA) infants and developing metabolic syndrome in later life. SGA is known to be associated with increased incidence of hypertension, cardiovascular, and noninsulin-dependent diabetes mellitus (Type II) [2] [3] [4] including central obesity in later childhood and adulthood. [5] [6] [7] Adverse distribution of body fat may carry a risk for morbidity as great as or greater than total amount of body fat. [8] The WHO Expert Consultation on Obesity [9] has suggested WHR as a measure of distribution of subcutaneous body fat to identify individuals having more risk of obesity-related morbidity because of excessive deposition of fat in abdominal region. The WHR can be measured easily and precisely, as it provides an index of both subcutaneous and intra-abdominal adipose tissue. [10] Waist circumference and WHR have also been suggested to edge over body mass index in predicting cardiovascular disease risk. [11] The WHR has been used extensively in adults to assess obesity-related issues, while information related to infants and children is scarce. In view of the complete absence of longitudinal information on the circumference of waist and hip as well as WHR of SGA babies, we have attempted to study auxological dynamics of these circumferential measures of growth among symmetric and asymmetric SGA infants of Indian origin and compare with those born as appropriate for gestational age (AGA).
Materials and Methods
Two hundred full-term SGA (i.e., symmetric SGA: male 50 and female 50; asymmetric SGA: male 50 and female 50) and 100 (male 50 and female 50) AGA babies born to parents belonging to upper middle to upper high socioeconomic strata, [12] in the labor room of the institute envisaged sample for this serial study. Babies weighing within 10 th -90 th percentile of intrauterine growth curves [13] at birth were considered as AGA, while babies having birth weight <10 th percentile were defined as SGA. Ponderal Index (PI) was used to classify full-term SGA babies into asymmetric SGA (PI <2.2 g/cm 3 ) and symmetric SGA (PI ≥2.2 g/cm 3 ). [14, 15] Other relevant details concerning health, dietary intake, statistical and sampling methods employed, and follow-up procedure followed are given elsewhere. [16, 17] After providing relevant information regarding study objectives and methodology, etc., to be followed, parental consent of babies included in the study was taken. An approval of "Institutional Ethics Committee" was also obtained. Each participant was measured for waist and hip circumference employing standardized anthropometric techniques, [18] with the help of fiberglass tape (least count: 1 mm) at 1 month (±3 days), 3, 6, 9, and at 12 months of age (±15 days) following a mixed-longitudinal method in Growth Laboratory and Growth Clinic of the Institute. Waist circumference was measured at the midpoint between the lower margin of the last palpable rib and the top of the iliac crest. Hip circumference was measured at the point of maximum protuberance. WHR was obtained by dividing waist circumference by hip circumference. The participants who missed follow-up were measured in their homes.
Statistical analysis
Mean and standard deviation (SD) for circumference of waist and hip as well as WHR were computed from anthropometric data gathered on two types and gender of SGA as well as AGA babies by applying statistical method given by Tanner. [19] Unpaired Student's t-test was used to compute intragroup (symmetric SGA vs. asymmetric SGA), intergroup (SGA vs. AGA), and gender differences.
Results
Age-and gender-wise distribution of both symmetric and asymmetric SGA as well as AGA babies examined at different age levels during infancy are shown in Table 1 , while mean (SD) of waist circumference, hip circumference, and WHR are presented in Table 2 and Figures 1-5. In general, a consistent increase in the mean distance attainments of waist and hip circumference was observed among all SGA and AGA babies [ Table 2 ]. As compared to AGA male and female infants, both waist and hip circumferences remained significantly (P ≤ 0.001) lesser in symmetric and asymmetric SGA babies throughout infancy [ Tables 2 and 3 ].
Mean waist circumference among asymmetric SGA, in general, was larger than those of the symmetric infants. However, it exhibited same attainments at 1 (i.e., 33.8 cm) and 12 (symmetric: 41.4 cm and asymmetric: 41.5 cm) months in male SGA infants. Interestingly, the difference between symmetric and asymmetric SGA babies became significant (P ≤ 0.01) only at 3 months [ Table 2 and 3]. Male symmetric and asymmetric SGA as well as AGA infants had larger values for waist circumference than their respective female counterparts, and the magnitude of gender differences became statistically significant at most of the age levels. Hip circumference, in general, measured more in symmetric SGA infants than asymmetric ones. However, exception was male SGA infants of the two types who possessed same value 1 month (i.e., 31.0 cm) and female asymmetric SGA babies who had larger hip circumference till 3 months. Intragroup differences for this circumferential measurement remained statistically nonsignificant [ Tables 2 and 3 ]. Mean hip circumference measured larger in symmetric SGA male infants up to 3 months whereafter; female symmetric SGA babies did so. Gender differences became statistically significant (P ≤ 0.01) at 12 months, only.
Gender differences for hip circumference of asymmetric SGA babies were statistically nonsignificant [ Table 3 ]. The male AGA infants possessed larger hip circumference than the female infants, and gender differences were recorded to be significant at 1 (P ≤ 0.01) and 3 (P ≤ 0.05) months.
WHR in symmetric (male: 1.09, female: 1.08) and asymmetric (male: 1.09, female: 1.10) SGA infants measured larger than AGA male (1.04) and female (1.04) infants at 1 month. Similar trend continued throughout infancy, and subsequently, the WHR at 12 months of age measured 0.99 and 0.95 among male and female AGA infants, respectively, which was lesser in magnitude than that recorded for symmetric (male: 1.01 and female: 0.97) and asymmetric (male: 1.01 and female: 1.0) SGA infants [ Table 2 ]. WHR measured higher in male than female symmetric SGA, asymmetric SGA, and AGA infants. However, statistically significant gender differences between 3 and 9 months were recorded for symmetric SGA and AGA babies [ Table 3 ].
Discussion
The pattern of body fat distribution is useful in determining disease risk. [20] Individuals with a high proportion of abdominal fat and increased WHR are considered to be at as well as a relative decrease in gluteal tissues (i.e., decreased hip circumference). [21] This study is the first attempt to understand growth dynamics of waist and hip 6.388*** 2.164 3.212** 0.330 0.008** 0.000*** 0.019* 0.000*** 0.000*** 9
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The lower placement of growth curves for waist circumference in symmetric and asymmetric SGA infants of the two genders than their normal AGA and Dutch [22] counterparts reveals significantly compromised auxological attainments which may be due to the lesser accumulation of fat in abdominal region of SGA babies. The magnitude of which was recorded to be more among symmetric SGA babies as their growth curves ran below their asymmetric counterparts throughout infancy [ Figures 1 and 2 ]. This may be related to continuation of effect of nutritional insult suffered by symmetric SGA babies during early phase of prenatal life than the asymmetric SGA infants who are known to be affected during the last trimester of pregnancy.
The lower placement of growth curves for hip circumference of both male and female symmetric and asymmetric SGA infants than their normal AGA and Dutch [22] infants reveals that, in contrast to their normal peers, growth attainments of our SGA babies were found to be significantly retarded [ Figures 3 and 4 ]. Interestingly, hip circumference measuring similar at 1 month and marginally more at 3 months measured smaller thereafter in asymmetric SGA male babies. This depicts a complete reversal of trend what could be obtained for waist circumference. As compared to male symmetric and asymmetric SGA infants who almost exhibited close similarity in the pattern of their growth for hip circumference, the curve plotted for symmetric SGA female infants not only ran above their asymmetric counterparts but also the magnitude of growth differential increased slowly with the advancement of age to become significant by 12 months. However, at present, no reasons could be offered to explain this trend, but the possibility of relative accumulation of fat over hips of symmetric SGA infants than asymmetric ones could not be excluded. The substantially higher attainments recorded among our AGA infants than their Dutch counterparts beyond 3 months of age reveals that our AGA infants of Indian origin, in general, appear to possess broader hips even than their peers from the developed Western world. This differential besides being inter-racial in origin also appears to infer a tendency of Indian infants to accumulate a greater amount of fat in the gluteal region than their Dutch counterparts.
Waist-hip ratio
The waist circumference/hip circumference ratio (WHR) experienced a regular decrease in mean attainments during the first half of infancy than latter one [ Figure 5 ]. WHR among two types and sexes of SGA babies, in general, measured significantly more than their AGA counterparts who, in turn, pattern-wise, have also shown a close resemblance to the normal infants of Dutch origin. This confirms the accumulation of more fat in the visceral region of SGA babies than their AGA counterparts. WHR among our male and female asymmetric SGA babies remained higher than the symmetric SGA infants. This shows more accumulation of abdominal fat in asymmetric infants than the symmetric ones. The tendency of SGA children to be viscerally adipose and hypoadiponectinemic, irrespective of their even being not overweight, has also been reported. [23] A tendency for low birth weight infants to be associated with higher waist-to-hip circumference ratio as compared to their AGA counterparts has also been documented. [24] [25] [26] [27] However, findings of Reinehr et al., [28] that waist circumference and waist-to-hip circumference ratio did not differ among SGA, AGA, and large for gestational age children remain at variance with our results.
Conclusions
The poorer postnatal auxological attainments for waist and hip circumference of both types and gender of SGA infants as compared to normal infants suggest the persistence of influence of nutritional insult experienced by these babies during intrauterine period in their 1 st year of life. While the higher WHR noticed among SGA infants may be a predisposing factor for the development of central/truncal obesity in later phase of their life and tendency for same appear to be more among asymmetric SGA infants who possess higher WHR than their symmetric SGA counterparts.
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